The present work seeks to evaluate the biocompatibility of experimental glass ionomer cements (GIC) prepared from niobium-calcium fl uoro-alumino-silicate glass powder and two commercial GICs. The GICs were implanted into the subcutaneous connective tissue of sixty rats. The rats were sacrifi ced during four varying time periods: 7, 15, 30, and 60 days and histopathological examinations were then performed. The Kruskal-Wallis test was performed to evaluate any signifi cant differences between the materials. Additionally, multiple comparisons of the mean rank were also carried out using the Dunn test (p<0.05). No signifi cant differences were observed that one GIC was superior to the other. The tissue response for all of the GICs tested was similar in all the periods examined.
INTRODUCTION
Glass ionomer cements (GICs) were fi rst introduced by Wilson and Kent 1) in 1971, where the authors associated the good quality of silicate cement related to the fl uoride release and low dimensional changes with the good qualities of zinc carboxylate cement, taking into account the dental structure and biocompatibility. Glass ionomer powder is a calcium fl uoraluminosilicate glass 2) and the liquid is an aqueous solution of polyacrylic acid that may contain additives, such as tartaric and itaconic acids, which help to increase the working time of the material 3, 4) . The popularity of GICs became evident as a result of their favorable biological properties, in addition to other advantages, such as adhesion to dental structure, fl uoride release, and a thermal expansion coeffi cient similar to that of natural dental structures [5] [6] [7] [8] . GICs have undergone a series of modifi cations and new studies have been carried out to improve their conventional formulation properties using other preparation methods. Bertolini et al. [9] [10] [11] concentrated their studies on the development of calcium fl uoraluminosilicate glass powders modifi ed by the inclusion of niobium, with the aim of improving the chemical resistance of GICs and reducing the cement degradation rate caused by the pH alterations in the oral environment, while also improving the mechanical properties. This new cement is made by the Sol-Gel method, which consists of a homogeneous distribution of the material particles at a lower temperature, and consequently, having a more stable material that differs from other cements made by the oxide fusion method at a temperature ranging from 1200-1500ºC, leading to fl uoride loss. For this reason, studies about the behavior of this new material are of great interest.
As part of the normal technical procedures, the performance of biological tests in order to evaluate the reactive aspects of dental materials, as well their biocompatibility, is fundamentally necessary for every new material to be used in any experiment. At the fi rst level of research, a series of in vitro and pre-clinical tests were performed in the subcutaneous connective tissue of animals since this step is considered as a toxicity discriminating factor. Several studies have evaluated the cytotoxicity and biocompatibility of GICs [12] [13] [14] [15] . The material research performed on the teeth of rats, dogs and monkeys (level II) as well as that conducted on human teeth (level III) have presented varying results 6, [16] [17] [18] [19] [20] [21] [22] [23] [24] . However, the reaction observable in the subcutaneous connective tissue of rats has been the most common method used for testing the biocompatibility of dental materials. Although the methodology employed in the research involving the subcutaneous connective tissue of rats does not reproduce the specifi c buccal conditions, it provides preliminary information regarding the reaction characteristics of the tested materials, selecting them for further studies at levels II and III.
In this current study, the side walls of the tubes were used as a control, not empty tubes, because if no reaction at the tube wall is observed, it means that the material will have a similar reaction at the opening of the tube. On the other hand, if an infl ammatory reaction is found on one side, it may mean that the material is irritating or less compatible.
A new GIC needs to present adequate physical and biological properties in order to be applied in Dentistry. For this reason, more studies related to biocompatibility for commercial GICs are needed for the parent powders Tissue response to experimental dental cements prepared from a modifi ed power glass composition As there is a new experimental GIC and due to dental permeability, which exposes the pulp to the materials used over the dentin, this study aims to comparatively evaluate, over the course of 7, 15, 30, and 60 days, the biological compatibility (level I) and the tissue reactions of an experimental GIC, as well as that of the other commercial GICs, in the subcutaneous tissue of rats. The null hypothesis tested was: 1-There would be no differences in biological compatibility between the commercial GICs and the experimental GICs.
MATERIALS AND METHODS

Preparation of dental cements
The experimental cement was prepared from niobiumcalcium fl uoro-alumino-silicate glass powder, as described in an earlier paper 10) . The commercial specimens were made using the power:liquid ratio (P:L ratio) in accordance with the manufacturer's instructions.
Implantation into the subcutaneous connective tissue 60 male adult rats (Rattus norvegicus albinus Holtzman), with an average weight of about 160 g, were used. This study was approved by the Ethical Committee of Animal Experimentation (Process CEEA number 05/2007). The rats were grouped under 5 categories, with each group composed of 3 rats and observed within the periods of 7, 15, 30 and 60 days. The animals received the GICs through polyethylene tubes, which were implanted into their subcutaneous connective tissues. Among the materials implanted included: Vitrebond (3M ESPE, St Paul, MN, USA) for group I (control group), Ionomaster F (Wilcos, San Fernando, BA, Argentina) for group II (control group), Experimental GIC A for group III, Experimental GIC B for group IV and Experimental GIC C for group V. The composition of the GICs tested are given in Table 1 . Each group was composed of 3 rats for each experimental period (7, 15 , 30 and 60 days). 2 polyethylene tubes were implanted into each rat, creating a total of 6 samples for each material and period.
The polyethylene tubes were standardized at 10 mm in width and 1.5 mm in diameter. The tubes were then placed in Petri dishes and sterilized under UV radiation. The tissue lateral to the polyethylene tubes served as a positive control 25) . During the surgery procedure, the animals were anesthetized with an intramuscular injection of Xylazine Chloridrate (Rompum; Bayer S. A. São Paulo, Brazil) in a proportion of 0.04 mL/100 g of body weight, and 0.08 mL/100 g of body weight of 10% Ketamine Chloridrate (Francotar; Virbac do Brasil, Jurubatuba, SP, Brazil).
After shaving the mean dorsal area, iodine alcohol was used as an antiseptic on the surgical site. Close to the mean line, a central incision of about 1cm in length was made using a sharpened scissor and tissue dilation was performed using a pair of scissors with a rhombus tip, both on the right and left sides, to enable the implantation of a tube containing the material on each side at the scapular area.
The self-cured GICs (Groups II, IV and V) were placed into the polyethylene tubes using a disposable needle and syringe and were immediately implanted into the dorsal area, where all the cements underwent setting reaction inside the connective tissue. Before implantation of the light-cured GICs (Group I and III) into the connective tissue, the cements were light-cured for 30 s using a CL-K200 Kondortech light-curing unit (São Carlos, SP, Brazil), with a light intensity range of 450 mW/cm 2 , positioned perpendicularly to the tube opening. During the entire experiment period, the photopolymerizer unit was monitored by its own radiometer.
After the tubes were implanted into the connective tissue, the incision borders were approximated and sutured with silk thread (Johnson & Johnson, São José dos Campos, Brazil).
The animals were kept in individual cages, and were duly identifi ed according to the period and group. After they recovered from the anesthesia, they were then taken to the lab and were fed with rat food and water. The animals were well taken care of with the aim of observing their behavior, while the evolution of the side effects was registered macroscopically, mainly over the implanted areas, up to the end of the experiment periods of 7, 15, 30, and 60 days.
Biospy for the removal of the implants and the preparation of the plates for histological analysis
At the end of each experiment period, the animals were again anesthetized and shaved, while the tissue fragments containing the implants were removed and histopathologically evaluated. The rats were sacrifi ced using an overdose of the anesthetic medication.
Immediately after the tissues were removed, they were placed into a neutral formalin solution, buffered at 10% for a 24 h period in labeled identifi able fl asks.
After routine laboratory procedures, the plates containing the tissue samples were stained with Hematoxylin and Eosin (HE) and Trichromic-Masson, and evaluated under a conventional optical microscope (Olympus BX5I coupled to an Olympus CA mean 5060 camera) to evaluate their reactive profi le and photomicrographies.
Statistical Analysis
The histopathology of each group was subjected to statistical descriptive analysis. To tabulate the results from the tissue response, methodologies that permitted the identifi cation of the most relevant aspect of the histopathological events were used, where the following was obtained: 0.00 to 0.25 (inexpressive); 0.26 to 0.75 (inexpressive/discrete); 0.76 to 1.25 (discrete); 1.26 to 1.75 (discrete/moderate); 1.76 to 2.25 (moderate); 2.26 to 2.75 (moderate/intense) and 2.76 to 3.00 (intense). The value of the maximum acute infl ammatory exacerbation obtained was 3.00* (abscess), denoted with an asterisk.
The area of analysis was the area surrounding the opening of the polythelene tube, where the material was in direct contact with the subcutaneous connective tissue. This area was compared to the connective tissue at the lateral side of the tube.
The Kruskal-Wallis test was performed to evaluate the signifi cant differences between the materials, considering the four experimental periods and based on the scores attributed to the histopathological events under investigation. Additionally, multiple comparisons of the mean ranks were also carried out using the Dunn test. A signifi cance level of 5% was used to determine the existence of a signifi cant difference between the mean ranks.
RESULTS
Descriptive statistics was elaborated for each histopathological event in this study, taking into account the minimum, maximum, as well as the average scores obtained through the application of both the commercial and experimental GICs for the time periods of 7, 15, 30 and 60 days.
Through the analysis of the histopathological events, and given the twelve sets of scores attributed to each event, with the total of the groups formed by the fi ve materials including the four experiment periods, a statistical signifi cance (p<0.05) was observed by the Kruskal-Wallis test. For this reason, the Dunn test was further performed to enable the multiple comparisons of the mean ranks. Even though the comparisons were essentially made regarding the mean ranks, the mean values were indicated in the table so as to facilitate a close evaluation of the results based on the scores classifi cations. This turned up to be relevant because it helped to draw a good correlation between the normal average values and the mean ranks. In any case, it is worth stating that, in the majority of the cases, the scores variation was relatively big, making accurate classifi cations as well as the observation of signifi cant differences diffi cult. (Table 2 and Fig. 1 ) In general, the scores of the histopathological events were found to be successively decreasing in all the periods evaluated. With regards to the polymorphonuclear neutrophils, mononuclear cells, phagocytes, as well as the degree of vascularization, the successive decrease was found to be signifi cant right at the end of the 30 day experimental period and beyond. However, in the case of fi broangioblastic proliferation and capsule thickness events, the decrease in events was also signifi cant, but only at the end of the 60 day evaluation period. For the degree of collagen formation, there was an increase in the scores obtained at the 15 day period, with a signifi cant decrease observed beyond this period. Other events, such as cell alteration, necrosis, and giant cells, presented an insignifi cant diminishing trend. In fact, the histopathological events recorded only a score of 0.5 for the giant cells at the beginning of the 7 day period, the rest of the scores observed afterwards for the same period and for the rest of the periods analyzed (15, 30, and 60 days) were all found to be equal to 0.0. As can be seen in Table 2 , the scores ranged from 0.0 to 3.0 at the beginning for the 7 day period for the majority of the events. However, at the end of the 60 day period, the values reached 1.0, where they were classifi ed as discrete, independent of the event.
Group I: Vitrebond
Group II: Ionomaster F ( Table 3 and Fig. 2 ) For this group, the scores also presented a decrease at a majority of the periods. However, the reduction observed (Table 4 and Fig. 3 ) For this Group, a decrease in the scores was observed in the majority of the histopathological events successively for the periods under investigation. Concerning the collagen and capsule thickness, the decrease was signifi cant at 30 days. Regarding fi broangioblastic proliferation, fi broblasts, and the degree of vascularization, the decrease was found to be signifi cant only at 60 days. The other events did not show any signifi cant difference in the four periods studied. The giant cells were highlighted because they had null scores at 30 days and beyond. This group presented initial values reasonably equivalent to those of GI (Vitrebond), but for the periods that followed afterwards, this decrease was less signifi cant including at 60 days. Table 5 Representation of the histopathological events of Experimental GIC B (Group IV) Group IV: Experimental GIC B (Table 5 and Fig. 4 Group V: Experimental GIC C (Table 6 and Fig. 5 ) In this Group, cell alteration, necrosis, polymorphonuclear 15, 26) . This research methodology is mainly based on the reactive tissue framework, placing emphasis on the evolutionary characteristics of collagen capsule formation, infl ammatory infi ltrate, and macrophage action evaluated and analyzed using both qualitative and quantitative subjective evaluation methods.
Group III: Experimental GIC A
Studies performed by Kawahara et al. 6) , Tobias et al. 16) , Wilson and Kent 1, 27) and Yakushiji et al. 21) showed that GIC is a biocompatible material. Pameijer et al. 17) and Walls 28) reported that, at an early stage, there is some kind of toxic effect that is observed, probably because of the low pH of these materials when they are initially prepared, which diminishes with time, a fact consistent with the present study.
In the case of Vitrebond, a higher increase of the infl ammatory response was observed at 7 days when compared to the other tested GICs. The initial values recorded ranged from inexpressive to intense, staying permanently at a discrete/moderate level on average. For the polymorphonuclear neutrophils, mononuclear phagocytes, and degree of vascularization, there was a signifi cant decrease at 30 days, whereas for the fi broangioblastic proliferation and capsule thickness, the recorded decrease was found to be signifi cant only at 60 days.
There is evidence of a decrease in the superfi cial necrotic residues at 60 days when compared to 15 days for the Experimental GIC C. On the other hand, necrotic residues were found to be present at a discrete/ moderate degree for Vitrebond, decreasing at 60 days to inexpressive; this same result was also observed for Ionomaster F, Experimental GIC A, and Experimental GIC B. Interestingly, it is extremely important to mention that, in the case of necrosis and based on a statistical point of view, a signifi cant change was observed only for Experimental GIC C.
In this present study, Experimental GIC C presented better results at 7 days, with a mild increase at 15 and 30 days, and decreasing at 60 days; reaching inferior levels when compared to the initial period at 7 days. This shows that the fi rst contact of this GIC with the connective tissue produced a less intense infl ammatory reaction when compared to the other tested materials.
Independent of the initial reactions, all of the GICs presented reactions ranging from discrete to inexpressive at the end of the study, where the polyethylene tubes were found to be surrounded by fi ber capsules.
Statistically, no signifi cant differences were observed indicating that one GIC was superior to the others. Finally, it can be concluded that the histopathological results found in the subcutaneous connective tissue of rats are only preliminary evaluations, and as such, extreme care must be taken so that the results are not extrapolated at other research levels.
CONCLUSIONS
The study of biocompatibility (level I) in GICs that are already commercially available indicated that they are biologically viable in all the periods evaluated. The behavior of the experimental GICs was found to be similar to the commercial GICs. However, a signifi cantly more expressive result was obtained for Experimental GIC C. This result encourages further research using other models (levels II and III), where the dentin-pulp complex could be included.
